Molecular determinants of the mechanism underlying acceleration of the interaction between antithrombin and factor Xa by heparin pentasaccharide.
The control of coagulation enzymes by antithrombin is vital for maintenance of normal hemostasis. Antithrombin requires the co-factor, heparin, to efficiently inhibit target proteinases. A specific pentasaccharide sequence (H5) in high affinity heparin induces a conformational change in antithrombin that is particularly important for factor Xa (fXa) inhibition. Thus, synthetic H5 accelerates the interaction between antithrombin and fXa 100-fold as compared with only 2-fold versus thrombin. We built molecular models and identified residues unique to the active site of fXa that we predicted were important for interacting with the reactive center loop of H5-activated antithrombin. To test our predictions, we generated the mutants E37A, E37Q, E39A, E39Q, Q61A, S173A, and F174A in human fXa and examined the rate of association of these mutants with antithrombin in the presence and absence of H5. fXa(Q61A) interacts with antithrombin alone with a nearly normal k(ass); however, we observe only a 4-fold increase in k(ass) in the presence of H5. The x-ray crystal structure of fXa reveals that Gln(61) forms part of the S1' and S3' pocket, suggesting that the P' region of the reactive center loop of antithrombin is crucial for mediating the acceleration in the rate of inhibition of fXa by H5-activated antithrombin.